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In order to suppress cost of an initial investment by a user and 
running cost to the user to a 10W extent While substantially 
constantly maintaining an apparent illuminance, and further, 
to realize resource saving, in a case of using a ?uorescent 
lamp FHF 32 as a discharge lamp La, a lamp supply poWer is 
started to be supplied from a value loWer than 45 W as rated 
electric poWer at an initial period of an operation of the 
discharge lamp, a light adjustment signal is changed in 
response to an accumulated lighting time so that the lamp 
supply poWer can be a value higher than 45 W as the rated 
electric poWer on and after a rated lifetime of the discharge 
lamp La, Whereby the lamp supply poWer (output of an 
inverter circuit 2) is adjusted. In the ?uorescent lamp FHF 32, 
a light/electric poWer ratio becomes substantially constant 
When the lamp supply poWer is 41 W to 55 W, and accord 
ingly, a light quantity is increased Without impairing light 
emission ef?ciency of the discharge lamp La, and as a result, 
the apparent illuminance can be maintained substantially 
constantly. 
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FIG. 4 

....................................................................... 1 I: 
v 

. u 

m. ............ -m m 

_ 1 _ 

" Bi. m n 6 m‘ 

n n ’ - } ‘I - 

_ _ _ _ ( I | l I . I l 1 1 1 I lllpvlllll . 

n _ 0 . n n H _ “ 

31k‘)... _ _ _ _ _ N EN _ _ n m WW 3, H u " .Lm. WU m n 

u n H n C‘ 0".5"MTH WW0‘ “ 

n M _ ............... -._ " .EQwGMWiC? " u _ “T .i- ‘J H “ IN m5 . u 

_ 1.... . _ . SE . 

_ GU _ _ . n 6 TR" . _ 
. v Nc . _ KW . n 

“ Hm " _ 2 n . > LU " . 

n mc .... w n 6,‘... as n u 

8: n H mu- 5 n m (N A n u 

u on ” imwrl “ n n P 9 _ ” MMM G h n 

_ an “ gin/“RU NTII... _ u 
n u 1| "HF. AKIN " _ ....................... -- n < u n M0 WU “ u 

u n i .. n S H n 

N _ 

m m mm H. ........... n 
_ _ _ 

n u n 

_ _ Orr-m 0 . 
u _ CNC 2 n _ ER _ 

a" . RG-Il _ 

2, .n " r1"... rL _ 

_ _ “a u 

u ||||||||||| .1. " rVmILN _ 

L S “ 

EEG >._n_._=m 5 : .3 . n 16 $32 .225 E2 ................................ 1 m n 

_ A 413"‘ .......................................................................... ..m 

M6 . 

13 Mn 



Patent Application Publication Oct. 7, 2010 Sheet 5 0f 12 US 2010/0253233 A1 



Patent Application Publication Oct. 7, 2010 Sheet 6 0f 12 US 2010/0253233 A1 

FIG. 7 
LAMP SUPPLY 
POWER (W) 

I 

10000 12000 
i 

5000 
LIGHTING TIME 
(hour) 

Fee. a 



Patent Application Publication Oct. 7, 2010 Sheet 7 0f 12 US 2010/0253233 A1 

FIG. 9 
(a) 

LIGHT/ELECTRIC 
POWER RATIO 

1.02 _ 

1.0 

0.98 

0.96 

40 LAMP SUPPLY POWER (W) 

(b) 

1 I 

12000 
LIGHTING TIME 
(hour) 

I I 

10000 

‘LAMP SUPPLY 
POWER (w) 



Patent Application Publication Oct. 7, 2010 Sheet 8 0f 12 US 2010/0253233 A1 
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DISCHARGE LAMP LIGHTING DEVICE AND 
LIGHT FIXTURE 

TECHNICAL FIELD 

[0001] The present invention relates to a discharge lamp 
lighting device, and to a light ?xture that mounts the dis 
charge lamp lighting device thereon. 

BACKGROUND ART 

[0002] In general, it has been knoWn that a luminous ?ux of 
a discharge lamp such as a ?uorescent lamp for use in an 
illumination purpose is decreased folloWing elapse of an 
operating time. Accordingly, heretofore, a discharge lamp 
lighting device that suppresses the decrease of the luminous 
?ux (illuminance) of the discharge lamp, Which folloWs the 
elapse of the operating time, has been provided (for example, 
refer to Japanese Patent Laid-Open Publications Nos. 
H9-97683 and 2001-15275). 
[0003] Such a conventional discharge lamp lighting device 
suppresses an illuminance of the discharge lamp at an initial 
period of such an operation at approximately 70 to 80% of a 
value at the time of rated lighting. The discharge lamp light 
ing device performs a light adjustment control so as to 
increase the luminous ?ux folloWing the elapse of the oper 
ating time, and thereby can substantially constantly maintain 
an apparent illuminance during an operating period until the 
end of a lifetime. Moreover, the discharge lamp lighting 
device has an advantage that electric poWer saving can be 
achieved in such a manner that, at the initial period of the 
operation, the discharge lamp lighting device performs the 
light adjustment and the lighting While reducing electric 
poWer consumed in the discharge lamp than rated electric 
poWer. 
[0004] Incidentally, a rated value of the electric poWer sup 
plied to the discharge lamp (for example, the ?uorescent 
lamp) is de?ned by a manufacturer of the discharge lamp. The 
electric poWer supplied to the discharge lamp is increased in 
substantially proportional to a shape of the discharge lamp. 
For example, as straight tube ?uorescent lamps, there are: one 
With a shape in Which a tube length is approximately 600 mm 
and a tube diameter is approximately 25.5 mm, and With 
de?ned electric poWer of approximately 23 W; and one With 
a shape in Which a tube length is approximately 1200 mm and 
a tube diameter is approximately 25.5 mm, and With de?ned 
electric poWer of approximately 45 W. Moreover, as luminous 
?ux characteristics of the ?uorescent lamp When the rated 
electric poWer is supplied thereto, an initial luminous ?ux 
(luminous ?ux after elapse of 100 hours from the beginning of 
the operation) is made public. Furthermore, a rated lifetime of 
the discharge lamp is de?ned as a shorter one betWeen a time 
until Which a luminous ?ux deterioration reaches 70% of such 
initial characteristics and a time until Which a ?lament is 
broken With regard to the straight tube ?uorescent lamp. 
[0005] Moreover, in indoor light equipment, in order to 
obtain an illuminance required for a Working surface, the 
number of installed light ?xtures (units) is decided by taking, 
as variables, a ?oor space, a lamp luminous ?ux (the above 
described initial luminous ?ux), the number of lamps, a light 
loss factor, and the like. This light loss factor is decided so as 
to obtain the required illuminance at the point of time When 
the rated lifetime comes While considering the above-de 
scribed luminous ?ux deterioration of the ?uorescent lamp 
itself, a decrease of re?ectivity oWing to adhesion of dirt to the 
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?uorescent lamp and the light ?xture, and the like. For 
example, in a light ?xture of a bottom-open type, a light loss 
factor thereof is set at 0.7 in a general operating environment, 
and the light loss factor is set at 0.74 as a guide in a place 
Where an occurrence of dust is small and the air is alWays kept 
clean. In this light equipment, as the light loss factor becomes 
smaller, the number of light ?xtures required to be installed is 
increased, leading to an increase of cost of the equipment. 
Hence, if it is assumed that types of the ?uorescent lamps for 
use are the same, and that environments Where the light ?x 
tures are installed are the same, then illuminances at the time 
When the lifetime of the lamp is ended become substantially 
equal to each other betWeen the folloWing cases, Which are: a 
case of using the general discharge lamp lighting device in 
Which the illuminance is not suppressed from the initial 
period of the operation; and a case of performing the control 
to substantially constantly maintain the illuminance so that 
the illuminance can be alWays 70 to 80% of the value of the 
initial luminous ?ux While considering the decrease of the 
illuminance in advance. Then, the installed light ?xtures in 
both of the cases also become equal in number to each other. 
[0006] HoWever, in comparison With a con?guration of the 
general discharge lamp lighting device that does not suppress 
the illuminance from the initial period of the operation, it is 
necessary to add a con?guration for performing the control to 
substantially constantly maintain the illuminance to the 
above-described conventional discharge lamp lighting 
device. Accordingly, cost of the device and the light ?xture is 
increased, Which in turn results in an increase of cost of a 
capital investment by a user. 
[0007] Moreover, in the above-described discharge lamp 
lighting device, the illuminance at the initial period of the 
operation is suppressed to approximately 70 to 80%, Whereby 
electric poWer saving of approximately 10 to 15% can be 
achieved during the period from the initial period of the 
operation to the rated lifetime in comparison With the general 
discharge lamp lighting device that does not suppress the 
illuminance from the initial period of the operation, thus 
making it possible to reduce running cost charged to the user. 
HoWever, for the conventional discharge lamp lighting 
device, the electric poWer saving and resource saving cannot 
be desired any more in terms of obtaining the illuminance 
required for the Working surface as a lighting subject of the 
light equipment. 
[0008] The present invention has been made in consider 
ation for the above-descried circumstances. It is an object of 
the present invention to provide a discharge lamp lighting 
device and a light ?xture, Which are capable of suppressing 
the cost of the initial investment by the user and the running 
cost to the user to a loW extent While substantially constantly 
maintaining the apparent illuminance, and further, are 
capable of realiZing the resource saving. 

DISCLOSURE OF THE INVENTION 

[0009] In order to achieve the above-described object, an 
invention of claim 1 is a discharge lamp lighting device hav 
ing: an inverter circuit that includes one or a plurality of 
sWitching elements and converts a direct current input into a 
high frequency alternating current output by sWitching the 
sWitching elements at a high frequency; one or a plurality of 
resonating inductors and one or a plurality of resonating 
capacitors, Which compose a resonant circuit together With a 
discharge lamp and are connected betWeen output terminals 
of the inverter circuit; and a light adjustment control circuit 
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that adjusts high frequency electric power supplied from the 
inverter circuit through the resonant circuit to the discharge 
lamp by controlling the sWitching of the sWitching elements, 
Wherein the light adjustment control circuit includes: electric 
poWer correcting means for controlling the high frequency 
electric poWer of the inverter circuit to gradually increase 
folloWing elapse of an operating time of the discharge lamp 
during a period from an operation start of the discharge lamp 
to a predetermined time after the discharge lamp reaches a 
rated lifetime thereof; and electric poWer suppressing means 
for controlling the high frequency electric poWer of the 
inverter circuit to become a predetermined value or less on 
and after the predetermined time, and the predetermined 
value is a value larger than 1.2 times electric poWer de?ned by 
a tube shape, tube length and tube diameter of the discharge 
lamp. 
[0010] An invention of claim 2 is the discharge lamp light 
ing device in the invention of claim 1, Wherein the electric 
poWer correcting means includes time counting means for 
counting an accumulated lighting time of the discharge lamp, 
adjusts the high frequency electric poWer of the inverter cir 
cuit in response to the accumulated lighting time counted by 
the time counting means, and adjusts the high frequency 
electric poWer of the inverter circuit so that electric poWer 
equal to or more than the de?ned electric poWer can be sup 
plied to the discharge lamp at a point of time of the operation 
start of the discharge lamp. 
[0011] An invention of claim 3 is the discharge lamp light 
ing device in the invention of claim 1, Wherein the electric 
poWer correcting means includes light quantity detecting 
means for detecting a light quantity of the discharge lamp, 
adjusts the high frequency electric poWer of the inverter cir 
cuit in response to the light quantity detected by the light 
quantity detecting means, and adjusts the high frequency 
electric poWer of the inverter circuit so that electric poWer 
equal to or more than the de?ned electric poWer can be sup 
plied to the discharge lamp at a point of time of the operation 
start of the discharge lamp. 
[0012] An invention of claim 4 is the discharge lamp light 
ing device in the invention of any one of claims 1 to 3, Wherein 
the predetermined value is a value equal to or more than 1.3 
times the de?ned electric poWer. 

[0013] An invention of claim 5 is the discharge lamp light 
ing device in the invention of any one of claims 1 to 3, 
Wherein, in a case Where the discharge lamp is a straight tube 
?uorescent lamp having a tube length of approximately 1200 
mm and a tube diameter of approximately 25.5 mm, the 
predetermined value is set at 65 W or less. 

[0014] An invention of claim 6 is the discharge lamp light 
ing device in the invention of any one of claims 1 to 3, 
Wherein, in a case Where the discharge lamp is a compact 
?uorescent lamp having a tube length of approximately 410 
mm and a tube diameter of approximately 17.5 mm, the 
predetermined value is set at 42 W or less. 

[0015] An invention of claim 7 is the discharge lamp light 
ing device in the invention of any one of claims 1 to 6, Wherein 
preheating current supplying means for supplying a current to 
a ?lament of the discharge lamp is provided, and the preheat 
ing current supplying means reduces a value of the current 
supplied after the discharge lamp is started than a value of the 
current at an advanced preheating time When the current is 
supplied to the discharge lamp before the discharge lamp is 
started. 

Oct. 7, 2010 

[0016] An invention of claim 8 is the discharge lamp light 
ing device in the invention of claim 7, Wherein the preheating 
current supplying means includes: a primary Winding through 
Which a high frequency current is ?oWn by the inverter cir 
cuit; a secondary Winding connected to the ?lament of the 
discharge lamp and magnetically coupled to the primary 
Winding to How, to the ?lament, a current in Which a phase is 
inverted With respect to a phase of a lamp current of a time 
When the discharge lamp is lighted; and a sWitching element 
inserted into a poWer feed line from the inverter circuit to the 
primary Winding. 
[0017] In order to achieve the above-described object, an 
invention of claim 9 is a light ?xture, including: the discharge 
lamp lighting device according to any one of claims 1 to 8; a 
?xture body to Which the discharge lamp lighting device is 
attached: and sockets Which are provided on the ?xture body, 
alloW a discharge lamp to be mounted thereon freely detach 
ably, and electrically connect the discharge lamp lighting 
device and the discharge lamp to each other. 
[0018] In accordance With the present invention according 
to the above-described claims 1 to 9, it is possible to provide 
the discharge lamp lighting device and the light ?xture, Which 
are capable of suppressing the cost of the initial investment by 
the user and the running cost to the user to a loW extent While 
substantially constantly maintaining the apparent illumi 
nance, and further, are capable of realiZing the resource sav 
1ng. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a circuit con?guration diagram of a dis 
charge lamp lighting device according to a ?rst embodiment 
to Which the present invention is applied. 
[0020] FIGS. 2(a) and 2(b) are operation explanatory dia 
grams of the discharge lamp lighting device according to the 
?rst embodiment to Which the present invention is applied: 
FIG. 2(a) is a graph shoWing a relationship betWeen electric 
poWer (lamp supply poWer) supplied to a lamp and a light/ 
electric poWer ratio; and FIG. 2(b) is a graph shoWing rela 
tionships betWeen a lighting time and the lamp supply poWer. 
[0021] FIGS. 3(a) and 3(b) are con?guration vieWs of a 
light ?xture in the ?rst embodiment to Which the present 
invention is applied: FIG. 3(b) is a perspective vieW of the 
light ?xture When vieWed from beloW; and FIG. 3(b) is a 
cross-sectional vieW of the light ?xture. 
[0022] FIG. 4 is a circuit con?guration diagram of a dis 
charge lamp lighting device according to a second embodi 
ment to Which the present invention is applied. 
[0023] FIG. 5 is a perspective vieW shoWing a light ?xture 
in the second embodiment to Which the present invention is 
applied. 
[0024] FIG. 6 is a perspective vieW shoWing a light ?xture 
in a third embodiment to Which the present invention is 
applied. 
[0025] FIG. 7 is an operation explanatory diagram of a 
discharge lamp lighting device in the third embodiment to 
Which the present invention is applied, shoWing a relationship 
betWeen the lighting time and the lamp supply poWer. 
[0026] FIG. 8 is a perspective vieW shoWing a light ?xture 
according to a fourth embodiment to Which the present inven 
tion is applied. 
[0027] FIGS. 9(a) and 9(b) are operation explanatory dia 
grams of the light ?xture according to the fourth embodiment 
to Which the present invention is applied: FIG. 9(a) is a graph 
shoWing a relationship betWeen the lamp supply poWer and 
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the light/ electric power ratio; and FIG. 9(b) is a graph shoW 
ing a relationship between the lighting time and the lamp 
supply poWer. 
[0028] FIG. 10 is a circuit con?guration diagram of a dis 
charge lamp lighting device according to a ?fth embodiment 
to Which the present invention is applied. 
[0029] FIG. 11 is an operation explanatory vieW of a dis 
charge lamp lighting device according to the ?fth embodi 
ment to Which the present invention is applied. 
[0030] FIG. 12 is a circuit con?guration diagram of a dis 
charge lamp lighting device according to a sixth embodiment 
to Which the present invention is applied. 
[0031] FIG. 13 is another circuit con?guration diagram of 
the discharge lamp lighting device according to the sixth 
embodiment to Which the present invention is applied. 
[0032] FIG. 14 is an explanatory diagram of experimental 
results obtained by investigating a relationship betWeen a 
lamp current and an electrode temperature in the discharge 
lamp lighting device according to the sixth embodiment to 
Which the present invention is applied. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

First Embodiment 

[0033] FIG. 1 shoWs a circuit con?guration diagram of a 
discharge lamp lighting device according to a ?rst embodi 
ment to Which the present invention is applied. This discharge 
lamp lighting device performs full-Wave recti?cation for an 
alternating current output of a commercial alternating current 
poWer supply AC by a diode bridge DB, and inputs the recti 
?ed output to a direct current poWer supply circuit 1. The 
direct current poWer supply circuit 1 is composed of a DC/DC 
converter (for example, a boost chopper circuit) that converts 
such a pulsation output inputted from the diode bridge DB 
into a direct current output With a desired voltage. An inverter 
circuit 2 is a conventionally Well-known one of a half bridge 
type. The inverter circuit 2 is composed in such a manner that 
a pair of sWitching elements Q1 and Q2 composed of MOS 
FETs are connected in series betWeen output terminals of the 
direct current poWer supply circuit 1. Note that input resistors 
R1 and R2 are connected to gate terminals of the sWitching 
elements Q1 and Q2, respectively. A detection resistor R3 is 
connected to a source terminal of the sWitching element Q2 
on a loW side. 

[0034] To a series circuit composed of the sWitching ele 
ment Q2 on the loW side and the detection resistor R3, a 
resonating inductor L1 and a resonating capacitor C1, Which 
compose a resonant circuit 3 together With a discharge lamp 
La, are connected in series While interposing a capacitor for 
cutting a direct current therebetWeen. The discharge lamp La 
is connected in parallel to the resonating capacitor C1. 
[0035] Moreover, a preheating circuit 8 for supplying a 
preheating current to ?laments of the discharge lamp La is 
connected betWeen the inverter circuit 2 and the resonant 
circuit 3. In this preheating circuit 8, a capacitor C2 for cutting 
the direct current and a primary Winding of a preheating 
transformer T1 are connectedbetWeen output terminals of the 
inverter circuit 2, and a pair of secondary Windings of the 
preheating transformer T1 are individually connected to the 
respective ?laments of the discharge lamp La. 
[0036] A light adjustment control circuit 4 includes: an 
inverter control unit 5 that performs a sWitching control for 
the pair of sWitching elements Q1 and Q2 composing the 
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inverter circuit 2; a correction control unit 6 that corrects a 
light quantity of the discharge lamp La folloWing an accumu 
lated lighting time thereof; and a reWritable nonvolatile 
memory 7 that stores the accumulated lighting time. 
[0037] The inverter control unit 5 has: an advanced preheat 
ing mode of sWitching the sWitching elements Q1 and Q2 at a 
frequency (preheating frequency) suf?ciently higher than a 
no-load resonant frequency of the resonant circuit 3, thereby 
supplying the preheating current to the ?laments of the dis 
charge lamp La from the preheating circuit 8 of the discharge 
lamp La; a starting mode of sWitching the sWitching elements 
Q1 and Q2 at a frequency (starting frequency) loWer than the 
preheating frequency and higher than the no-load resonant 
frequency, thereby applying a starting voltage to the dis 
charge lamp La; and a lighting mode of stably lighting the 
discharge lamp La at a frequency (lighting frequency) higher 
than a resonant frequency of the time When the discharge 
lamp La is lighted after the discharge lamp La is started. The 
inverter control unit 5 adjusts high frequency electric poWer 
supplied to the discharge lamp La in such a manner that the 
lighting frequency is increased and reduced by the correction 
control unit 6. 

[0038] The inverter control unit 5 includes: an inverter con 
trol signal generation circuit 11 that generates an inverter 
control signal for performing the sWitching control for the 
sWitching elements Q1 and Q2; a drive circuit 12 that drives 
the sWitching elements Q1 and O2 in response to the inverter 
control signal outputted from the inverter control signal gen 
eration circuit 11; and a preheating timer circuit 10 that limits 
a period (advanced preheating period) of the advanced pre 
heating mode. 
[0039] The inverter control signal generation circuit 11 is 
composed of an integrated circuit (IC) including a constant 
voltage buffer circuit, a constant voltage mirror circuit, an 
oscillating capacitor (any of Which is not shoWn), and the like. 
For the inverter control signal generation circuit 11, a series 
circuit of resistors R6 and R7 and a series circuit of a sWitch 
circuit SW1 Which the inverter control unit 5 includes and a 
resistor R8 are connectedbetWeen a ground and a terminal R0 
of the inverter control unit 5, Which is connected to an output 
terminal of the constant voltage buffer circuit. Speci?cally, a 
constant voltage is applied to the terminal R0, and the inverter 
control signal generation circuit 11 operates so as to raise a 
frequency (:sWitching frequencies of the sWitching elements 
Q1 and Q2) of the inverter control signal as a current ?oWing 
through the terminal R0 is increased. 
[0040] After the commercial alternating current poWer sup 
ply AC is turned on and the inverter control unit 5 is activated, 
the preheating timer circuit 10 turns on the sWitch circuit SW1 
and starts to limit the advanced preheating period. When the 
sWitch circuit SW1 is sWitched on, the current ?oWing 
through the terminal R0 is increased. Accordingly, the fre 
quency of the inverter control signal becomes relatively high, 
and the inverter control unit 5 enters into the advanced pre 
heating mode of sWitching the sWitching elements Q1 and Q2 
at the preheating frequency. Then, When the preheating timer 
circuit 10 ?nishes limiting the advanced preheating period 
and sWitches off the sWitch circuit SW1, the current ?oWing 
through the terminal R0 is decreased. Accordingly, the fre 
quency of the inverter control signal becomes relatively loW, 
and the inverter control unit 5 shifts to the starting mode of 
sWitching the sWitching elements Q1 and Q2 at the starting 
frequency. Moreover, When a sWitch circuit SW2 is sWitched 
on, the preheating timer circuit 10 connects (conducts) the 
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terminal R0 to an electric power correction circuit 13 While 
interposing a resistor R9 therebetWeen, a diode D1 and the 
sWitch circuit SW2, Which are connected to a node betWeen 
the resistors R6 and R7. 

[0041] The electric poWer correction circuit 13 includes an 
operational ampli?er 0P1 that has a noninverting input ter 
minal (+) and an inverting input terminal (—). In the opera 
tional ampli?er 0P1 of the electric poWer correction circuit 
13, a light adjustment signal to be described later is inputted 
to the noninver‘ting input terminal, and a both-end voltage 
(detection voltage) of the detection resistor R3 is inputted to 
the inverting input terminal through a resistor R4. A feedback 
resistor R5 and a capacitor C3 are connected in parallel to 
each other betWeen the inverting input terminal of the opera 
tional ampli?er 0P1 and an output terminal thereof, and the 
electric poWer correction circuit 13 has a con?guration of an 
integrating circuit. The output terminal of the operational 
ampli?er 0P1 is connected to a cathode of the diode D1 While 
interposing the sWitching circuit SW2 therebetWeen. More 
over, an anode of the diode D1 is connected to the node 
betWeen the resistors R6 and R7 While interposing the resistor 
R9 therebetWeen. 

[0042] Speci?cally, by using the fact that currents ?oWing 
through the sWitching elements Q1 and Q2 of the inverter 
circuit 2 are substantially proportional to lamp electric poWer 
consumed in the discharge lamp La, the electric poWer cor 
rection circuit 13 applies negative feedback to an output volt 
age of the operational ampli?er 0P1 in the case Where the 
detection voltage of the detection resistor R3 does not coin 
cide With a signal voltage of the light adjustment signal, and 
thereby increases and reduces the current of the terminal Ro 
through the resistor R9 and the diode D1. In such a Way, the 
inverter control unit 5 adjusts an oscillation frequency 
(switching frequencies of the sWitching elements Q1 and Q2) 
of the inverter circuit 2, and operates the electric poWer cor 
rection circuit 13 so that the lamp poWer (detection voltage of 
the detection resistor R3) can be a value corresponding to the 
light adjustment signal. HoWever, until the sWitch circuit 
SW2 is sWitched on by the preheating timer circuit 10, that is, 
during the advanced preheating period and the starting 
period, the sWitch circuit SW2 is sWitched off, Whereby the 
above-described control operation of the electric poWer cor 
rection circuit 13 is prohibited. 
[0043] Here, in the light adjustment control circuit 4, there 
is provided a shutdoWn circuit 18 that detects a no-load state, 
an end-of-lifetime state of the discharge lamp La, and the like 
and stops the operation of the inverter circuit 2. Upon receiv 
ing detection signals from a no-load detection circuit and an 
end-of-lifetime detection circuit (any of Which is not shoWn), 
such a shutdoWn circuit 18 stops the operations of the inverter 
control signal generation circuit 11 and the preheating timer 
circuit 10, or stops a drive signal outputted from the drive 
circuit 12, and thereby stops the operation of the inverter 
circuit 2. 

[0044] The correction control unit 6 includes a time counter 
unit 14 that counts the accumulated lighting time of the dis 
charge lamp La upon receiving a mode signal outputted from 
the inverter control signal generation circuit 11 through a 
terminal Mode of the inverter control unit 5. The mode signal 
is a signal that turns to an H level When the drive signal is 
outputted from the drive circuit 12, and to an L level When the 
drive signal is not outputted therefrom. The timer counter unit 
14 performs such a time counting operation only in the case 
Where the mode signal is at the H level. 
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[0045] Moreover, the correction control unit 6 includes a 
signal generation unit 15 that generates the light adjustment 
signal for adjusting the light quantity of the discharge lamp La 
in response to the accumulated lighting time outputted from 
the time counter unit 14. This signal generation unit 15 stores 
a correction table that shoWs a correspondence relationship 
betWeen the accumulated lighting time and a direct current 
voltage level (level corresponding to a light quantity ratio 
When a level of rated lighting is taken as 100%) of the light 
adjustment signal. From the correction table, the signal gen 
eration unit 15 reads out the light adjustment signal corre 
sponding to the accumulated lighting time outputted from the 
time counter unit 14, and outputs the readout light adjustment 
signal to the light adjustment control circuit 4 (electric poWer 
correction circuit 13). HoWever, the light adjustment signal 
outputted from the signal generation unit 15 is limited by an 
electric poWer suppression unit 16 so that the electric poWer 
supplied to the discharge lamp La cannot exceed an upper 
limit value thereof. The upper limit value of the electric poWer 
supplied to the discharge lamp La is 55 W as Will be described 
later, for example, in the case of using an FHF (straight tube 
?uorescent lamp) 32 as the discharge lamp La. Note that the 
accumulated lighting time stored in the nonvolatile memory 7 
is reset (initialiZed) by a reset unit 17 When the discharge lamp 
La is replaced. 
[0046] Next, a description Will be made of an operation of 
the correction control unit 6. When the correction control unit 
6 is activated in such a manner that the commercial alternating 
current poWer supply AC is turned on for the discharge lamp 
lighting device, ?rst, the correction control unit 6 reads out 
the accumulated lighting time stored in the nonvolatile 
memory 7 and temporarily stores the accumulated lighting 
time in a memory (not shoWn), and reads out the light adjust 
ment signal corresponding to the accumulated lighting time 
concerned from the correction table, and outputs the readout 
light adjustment signal to the inverter control unit 5. Mean 
While, the time counter unit 14 starts to count a time from a 
point of time When the discharge lamp lighting device is 
activated, and the signal generation unit 15 adds the time 
counted by the time counter unit 14 to the accumulated light 
ing time stored in the memory, and updates contents stored in 
the nonvolatile memory 7. As a result, the direct current 
voltage level of the light adjustment signal Will be monoto 
nously increased by the correction control unit 6 so as to 
gradually increase the high frequency electric poWer supplied 
to the discharge lamp La folloWing the increase of the accu 
mulated lighting time of the discharge lamp La. 
[0047] Here, the inventors of the present invention investi 
gated relationships betWeen the lamp electric poWer and the 
light quantity for tWo types of the straight tube ?uorescent 
lamps (FHF 32, FLR 40S/ 36), and then results shoWn in FIG. 
2(a) Were obtained. In FIG. 2(a), the electric poWers (lamp 
supply poWers) supplied to the ?uorescent lamps are taken on 
an axis of abscissas, and values (light/electric poWer ratios) 
normaliZed by a light quantity of the time When the lamp 
supply poWers are at rated values (45 W in FHF 32, and 36 W 
in FLR 40S/36) are taken on an axis of ordinates, character 
istics of the FHF 32 are shoWn by a solid line, and character 
istics of the FLR 40S/36 are shoWn by an alternate long and 
short dash line. Note that the FHF 32 is a high frequency 
?uorescent lamp With a tube length of 1200 mm and a tube 
diameter of 25.5 mm, in Which the rated lamp electric poWer 
is 32 W or 45 W, and the FLR 40S/36 is a rapid-start ?uores 
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cent lamp With a tube length of 1200 mm and a tube diameter 
of 25.5 mm in the same Way as above, in Which the rated lamp 
electric power is 36 W. 

[0048] As obvious from FIG. 2(a), in the ?uorescent lamp 
FHF 32, results Were obtained, that the light/electric poWer 
ratio became substantially 1.0 in the case Where the lamp 
supply poWer Was 55 W or less, and that the light/electric 
poWer ratio started to be gradually decreased When the lamp 
supply poWer exceeded 55 W, and became approximately 
0.98 When the lamp supply poWer Was 65 W. As opposed to 
this, in the ?uorescent lamp FLR 40S/36, a result that the 
light/electric poWer ratio became approximately 0.98 When 
the lamp supply poWer Was slightly more than approximately 
40 W Was obtained. 

[0049] Accordingly, in the case of using the ?uorescent 
lamp FHF 32 as the discharge lamp La, the light ?xture 
including the discharge lamp lighting device according to the 
?rst embodiment starts to supply the lamp supply poWer from 
a value loWer than 45 W as the rated electric poWer at the 
initial period of the operation, changes the light adjustment 
signal in response to the accumulated lighting time so that the 
lamp supply poWer can be a value higher than 45 W as the 
rated electric poWer on and after a rated lifetime of the dis 
charge lamp La, and thereby adjusts the lamp supply poWer 
(output of the inverter circuit 2). 
[0050] Speci?cally, as shoWn in FIG. 2(b), the light ?xture 
sets the relationship betWeen the accumulated lighting time 
and the light adjustment signal so as to alloW the folloWing. 
First, the lamp supply poWer at the point of time When the 
lighting is started (When the accumulated lighting time is 0) is 
alloWed to be set at 41 W. Then, the lamp supply poWer is 
alloWed to be linearly increased during a period from 0 to 
12000 hours as the rated lifetime of the FHF 32 in the accu 
mulated lighting time so that the lamp supply poWer canbe 55 
W at the point of time When 12000 hours elapse. Moreover, 
constant electric poWer (:55 W) is alloWed to be supplied 
after the lamp supply poWer reaches 55 W. Thereafter, the 
light ?xture stores the set relationship in the correction table. 
Here, the lamp supply poWer (:55 W) at the point of time 
When the rated lifetime elapses becomes a value approxi 
mately 1.22 times the rated electric poWer (:45 W). 
[0051] Moreover, in the case of adjusting the lamp supply 
poWer as described above, a lamp current becomes the fol 
loWing values. When the lamp supply poWer is 41 W at the 
initial period of the operation, the lamp current becomes 
approximately 0.35 A. When the accumulated lighting time is 
3500 hours, and the lamp supply poWer is 45 W, the lamp 
current becomes approximately 0.42 A. When the accumu 
lated lighting time is 7000 hours, and the lamp supply poWer 
is 49 W, the lamp current becomes approximately 0.48 A. 
When the accumulated lighting time is 10000 hours, and the 
lamp supply poWer is 53 W, the lamp current becomes 
approximately 0.51 A. Finally, When the accumulated light 
ing time is 12000 hours or more, and the lamp supply poWer 
is 55 W, the lamp current becomes approximately 0.54 A. 
Here, a ?lament temperature of the discharge lamp La rises 
folloWing the increase of the lamp supply poWer. For 
example, the ?lament temperature of the case Where the lamp 
supply poWer is 53 W rises by approximately 5 to 10% from 
the ?lament temperature of the case Where the lamp supply 
poWer is 45 W. In this case, the ?lament temperature is gen 
erally suppressed to a loW value until When the accumulated 
lighting time reaches approximately 7000 hours. Accord 
ingly, there is no apprehension that the lifetime of the dis 

Oct. 7, 2010 

charge lamp La may be signi?cantly impaired even in the case 
of performing the correction control as described above. 
Moreover, as shoWn in FIG. 2(a), in the ?uorescent lamp FHF 
32, the light/electric poWer ratio becomes substantially con 
stant When the lamp supply poWer is 41 W to 55 W, and 
accordingly, the light quantity can be increased Without 
impairing light emission e?iciency of the discharge lamp La. 
[0052] In FIG. 3, a light ?xture including the discharge 
lamp lighting device according to the ?rst embodiment is 
shoWn. This light ?xture includes: a ?xture body 100 With a 
shape of a rectangular box in Which a loWer surface is open; 
lamp sockets 101, each pair of Which is provided on both side 
surfaces opposite to each other in a longitudinal direction of 
the ?xture body 100, and mounts thereon the discharge lamp 
La composed of the ?uorescent lamp FHF 32; and a re?ection 
plate 102 With a triangular shape, Which is provided on a 
bottom surface of the ?xture body 100 betWeen tWo discharge 
lamps La and La mounted on the respective lamp sockets 101. 
With regard to this light ?xture, the discharge lamp lighting 
device 110 according to the ?rst embodiment is housed in an 
inside of the re?ection plate 102. 
[0053] In the case of mounting the conventional discharge 
lamp lighting device (comparative example) that suppresses 
the luminous ?ux from the initial period of the operation, 
since lamp e?iciency of the FHF 32 is approximately 110 
lm/W, the number of installed light ?xtures is decided by 
taking the folloWing luminous ?ux as a reference based on the 
idea of the light loss factor: 

Note that 0.7 in the above-described expression is a light loss 
factor preset as a target, and is a value set in response to an 
operating environment of the lamp. 
[0054] As opposed to this, the light ?xture including the 
discharge lamp lighting deice according to the ?rst embodi 
ment takes the folloWing luminous ?ux as a reference: 

In this discharge lamp lighting device, the luminous ?ux is 
increased by approximately 1 .2 times that of the conventional 
discharge lamp lighting device (comparative example). 
Hence, in an installed place of the light ?xtures, Which 
requires ten units thereof in the case of using the light ?xtures 
using the conventional discharge lamp lighting devices, a 
substantially equivalent illuminance Will be obtained only by 
eight units of the light ?xtures using the discharge lamp 
lighting devices according to the ?rst embodiment. 
[0055] Moreover, the discharge lamp lighting devices of 
the ?rst embodiment and the comparative example Will be 
compared With each other With regard to average electric 
poWer consumption from the initial period of the operation of 
the discharge lamps La to the rated lifetime thereof. The 
average electric poWer consumption of the conventional dis 
charge lamp lighting devices (comparative example) 
becomes as folloWs: 

The average electric poWer consumption of the discharge 
lamp lighting devices according to the ?rst embodiment 
becomes as folloWs: 

Therefore, in accordance With the light ?xture including the 
discharge lamp lighting device according to the ?rst embodi 
ment, electric poWer saving equivalent to that of the conven 
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tional discharge lamp lighting device (comparative example) 
is made possible. Moreover, the number of installed light 
?xtures and the number of usage discharge lamps La are 
saved to approximately 80% of those of the case of using the 
light ?xture including the conventional discharge lamp light 
ing device. Therefore, in accordance With the discharge lamp 
lighting device according to the ?rst embodiment, usage 
materials are naturally saved to 80% in terms of amount, thus 
making is possible to realiZe resource saving. 

Second Embodiment 

[0056] In FIG. 4, a circuit con?guration diagram of a dis 
charge lamp lighting device according to a second embodi 
ment of the present invention is shoWn. In a con?guration of 
the discharge lamp lighting device according to the second 
embodiment, the same reference numerals Will be assigned to 
portions common to the discharge lamp lighting device 
according to the ?rst embodiment in terms of the con?gura 
tion, and a description of the common portions Will be omit 
ted. 
[0057] The discharge lamp lighting device according to the 
second embodiment includes a light quantity sensor 9 that 
detects the light quantity of the discharge lamp La. The dis 
charge lamp lighting device has a feature in that, in response 
to the light quantity detected the light quantity sensor 9, the 
correction control unit 6 generates the light adjustment signal 
and adjusts the lamp supply poWer to the discharge lamp La. 
[0058] The light quantity sensor 9 is composed by includ 
ing, for example, a solar battery, and outputs a detection 
signal composed of a voltage proportional to the light quan 
tity of the discharge lamp La to the correction control unit 6. 
[0059] The correction control unit 6 includes an arithmetic 
operation unit 19 and a setting unit 20 in place of the time 
counter unit 14 and the reset unit 17, Which have been 
described in the ?rst embodiment. In the setting unit 20, there 
is stored level data of the detection signal proportional to the 
light quantity of the discharge lamp La. Here, the level data 
corresponds to a target light quantity. To the signal generation 
unit 15, the arithmetic operation unit 19 outputs correction 
data corresponding to a difference betWeen a level of the 
detection signal proportional to the light quantity of the dis 
charge lamp La and the level data stored in the setting unit 20. 
Then, in response to the correction data concerned, the signal 
generation unit 15 changes the light adjustment signal and 
adjusts the high frequency output of the inverter circuit 2. In 
such a Way, the light adjustment control circuit 4 can alloW the 
light quantity of the discharge lamp La to coincide With the 
light quantity of the target value, Which is stored in the setting 
unit 2. HoWever, also in the discharge lamp lighting device 
according to the second embodiment, the light adjustment 
signal outputted from the signal generation unit 15 is limited 
by the electric poWer suppression unit 16 so that the electric 
poWer supplied to the discharge lamp La cannot exceeds the 
upper limit value (for example, 55 W) thereof. 
[0060] As described above, also in the discharge lamp 
lighting device according to the second embodiment, the light 
quantity outputted from the discharge lamp La, that is, the 
illuminance can be maintained to be substantially constant 
during the period of the operation regardless of a light quan 
tity deterioration of the discharge lamp La. Moreover, the 
electric poWer supplied to the discharge lamp La is controlled 
so as to be increased folloWing the light quantity deterioration 
of the discharge lamp La. Accordingly, in accordance With the 
discharge lamp lighting device according to the second 
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embodiment, equivalent effects to those of the discharge lamp 
lighting device according to the ?rst embodiment can be 
exerted. 
[0061] In FIG. 5, a light ?xture including the discharge 
lamp lighting device according to the second embodiment is 
shoWn. This light ?xture is of a direct ceiling-mounted type, 
including: a ?xture body 120 formed into a triangular shape; 
and a pair of lamp sockets 121 and 121 provided on loWer 
surfaces of both ends in a longitudinal direction of the ?xture 
body 120. This light ?xture houses the discharge lamp light 
ing device (not shoWn) in the ?xture body 120. Note that the 
light quantity sensor 9 is disposed on a center in a longitudinal 
direction of a loWer surface of the ?xture body 120. 

Third Embodiment 

[0062] In FIG. 6, a light ?xture according to a third embodi 
ment is shoWn. In a similar Way to the light ?xture including 
the discharge lamp lighting device according to the second 
embodiment, this light ?xture is of the direct ceiling-mounted 
type, including: the ?xture body 120 formed into the triangu 
lar shape; and the pair of lamp sockets 121 and 121 provided 
on the loWer surfaces of both ends in the longitudinal direc 
tion of the ?xture body 120. In this light ?xture, a discharge 
lamp lighting device (not shoWn) having a common con?gu 
ration to that in the light ?xture including the discharge lamp 
lighting device according to the ?rst embodiment is housed in 
the ?xture body 120. 
[0063] As described in the ?rst embodiment, in the ?uores 
cent lamp FHF 32, the light emission ef?ciency is not 
decreased even if the electric poWer of approximately 55 W is 
supplied thereto, and further, the decrease of the light emis 
sion e?iciency is suppressed to approximately —2% even if 
the electric poWer of approximately 60 W to 65 W is supplied 
to the ?uorescent lamp concerned. 
[0064] In this connection, in the light ?xture according to 
the third embodiment, in the case of using the ?uorescent 
lamp FHF 32 as the discharge lamp La, the lamp supply 
poWer, of Which value is higher than 45 W as the rated electric 
poWer, is started to be supplied to the ?uorescent lamp con 
cerned at the initial period of the operation. Then, the lamp 
supply poWer is adjusted so as to become 60 W to 65 W on and 
after the rated lifetime of the discharge lamp La. This adjust 
ment of the lamp supply poWer is realiZed by changing the 
light adjustment signal in response to the accumulated light 
ing time. 
[0065] Speci?cally, as shoWn in FIG. 7, the discharge lamp 
lighting device built in the light ?xture according to the third 
embodiment sets the relationship betWeen the accumulated 
lighting time and the light adjustment signal so as to alloW the 
folloWing. First, the lamp supply poWer at the point of time 
When the lighting is started (When the accumulated lighting 
time is 0) is alloWed to be set at 46 W. Then, the lamp supply 
poWer is alloWed to be linearly increased during the period 
from 0 to 12000 hours as the rated lifetime of the FHF 32 in 
the accumulated lighting time so that the lamp supply poWer 
can be 65 W at the point of time When 12000 hours elapse. 
Moreover, constant electric poWer (:65 W) is alloWed to be 
supplied after the lamp supply poWer reaches 65 W. Thereaf 
ter, the discharge lamp lighting device stores the set relation 
ship in the correction table. Here, the lamp supply poWer (:65 
W) at the point of time When the rated lifetime elapses 
becomes a value approximately 1.33 times the rated electric 
poWer (:45 W). 
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[0066] As described above, the light ?xture according to 
the third embodiment changes the lamp supply poWer from 46 
W to 65 W. As obvious from FIG. 2(a), in the ?uorescent lamp 
FHF 32, the light/electric poWer ratio becomes substantially 
constant When the lamp supply poWer is 46 W to 65 W, and 
accordingly, the light quantity can be increased Without 
impairing the light emission e?iciency of the discharge lamp 
La. 
[0067] Incidentally, in the case of using the ?uorescent 
lamp FHF 32 under the rated lamp electric poWer of 32 W, in 
the conventional light ?xture for tWo lamps, the number of 
installed units is decided by taking the following luminous 
?ux as a reference: 

As opposed to this, by considering that the light/electric 
poWer ratio is decreased to 0.98 When the lamp supply poWer 
is 65 W, the light ?xture according to the third embodiment 
can realiZe the following luminous ?ux: 

In such a Way, in accordance With the light ?xture according 
to the third embodiment, by using only one lamp, such a 
luminous ?ux substantially equivalent to that of the conven 
tional example of using tWo lamps can be obtained. Speci? 
cally, if only one lamp according to the third embodiment is 
installed in a place Where the conventional light ?xture using 
tWo ?uorescent lamps With the rated electric poWer of 32 W is 
installed, then an illuminance equivalent to that of such a 
conventional example Will be obtained. Naturally, by the fact 
that the number of discharge lamps is reduced from tWo to 
one, the materials of the ?xture body are also saved to 
approximately a half, and the materials of the discharge lamps 
are also saved to a half. Accordingly, cost per unit of the light 
?xture can be reduced to a large extent. 
[0068] Note that, in the case of making a setting so that the 
supply poWer to the discharge lamp La can be 60 W at the 
point of time When 12000 hours as the rated lifetime of the 
discharge lamp La elapse, by considering that the light/elec 
tric poWer ratio is decreased to 0.90 When 60 W is supplied, 
the folloWing luminous ?ux can be obtained: 

The discharge lamp lighting device is set so that the electric 
poWer supplied to the discharge lamp La can be suppressed 
constantly to 60 W after the electric poWer supplied to the 
discharge lamp La reaches 60 W. Accordingly, the electric 
poWer supplied to the discharge lamp La (?uorescent lamp of 
FHF 32) becomes 1.33 times the rated electric poWer of 45 W, 
and a luminous ?ux of approximately 93% of that of the 
conventional ?xture can be obtained. 

Fourth Embodiment 

[0069] In FIG. 8, a light ?xture according to a fourth 
embodiment is shoWn. This light ?xture includes: a ?xture 
body 100 With a shape of a rectangular box in Which a loWer 
surface is open in a similar Way to the light ?xture described 
in the ?rst embodiment; and a pair of lamp sockets 103 Which 
are provided on one side surface of the ?xture body 100 and 
alloW discharge lamps La composed of compact ?uorescent 
lamps FHF 32 to be mounted thereon. In this light ?xture, a 
discharge lamp lighting device (not shoWn) having a common 
con?guration to that of the ?rst embodiment or the second 
embodiment is attached to the ?xture body 100. 
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[0070] Here, the inventors of the present invention investi 
gated a relationship betWeen the lamp electric poWer and the 
light quantity for the compact ?uorescent lamp FHF 32, and 
then result shoWn in FIG. 9(a) Were obtained. Note that the 
FHF 32 is a high frequency ?uorescent lamp With a tube 
length of approximately 410 mm and a tube diameter of 17.5 
mm, in Which the rated lamp electric poWer is 32 W. As 
obvious from FIG. 9(a), in the compact ?uorescent lamp FHF 
32, results Were obtained, that the light/electric poWer ratio 
became substantially 1.0 in the case Where the lamp supply 
poWer Was 34 W or less, and that the light/ electric poWer ratio 
became approximately 0.98 When the lamp supply poWer Was 
42 W. 
[0071] Accordingly, in the case of using the compact ?uo 
rescent lamp FHF 32 as the discharge lamp La, the light 
?xture according to the fourth embodiment starts to supply 
the lamp supply poWer from a value loWer than 32 W as the 
rated electric poWer at the initial period of the operation, 
changes the light adjustment signal in response to the accu 
mulated lighting time so that the lamp supply poWer can be a 
value higher than 32 W as the rated electric poWer on and after 
a rated lifetime of the discharge lamp La, and thereby adjusts 
the lamp supply poWer (output of the inverter circuit 2). 
[0072] Speci?cally, as shoWn in FIG. 9(b), the light ?xture 
sets the relationship betWeen the accumulated lighting time 
and the light adjustment signal so as to alloW the folloWing. 
First, the lamp supply poWer at the point of time When the 
lighting is started (When the accumulated lighting time is 0 is 
alloWed to be set at 30 W. Then, the lamp supply poWer is 
alloWed to be linearly increased during the period from 0 to 
12000 hours as the rated lifetime of the FHF 32 in the accu 
mulated lighting time so that the lamp supply poWer can be 42 
W at the point of time When 12000 hours elapse. Moreover, 
constant electric poWer (:42 W) is alloWed to be supplied 
after the lamp supply poWer reaches 42 W. Thereafter, the 
light ?xture stores the set relationship in the correction table. 
Here, the lamp supply poWer (:42 W) at the point of time 
When the rated lifetime elapses becomes a value approxi 
mately 1.3 times the rated electric poWer (:32 W). 

Fifth Embodiment 

[0073] In FIG. 10, a circuit con?guration diagram of a 
discharge lamp lighting device according to a ?fth embodi 
ment of the present invention is shoWn. The ?fth embodiment 
has a feature in a con?guration of a preheating circuit 8', and 
con?gurations other than that of the preheating circuit 8' are 
common to those of the ?rst embodiment. Hence, the same 
reference numerals are assigned to constituents common to 
those of the ?rst embodiment, and a description thereof Will 
be omitted. 
[0074] The preheating circuit 8' composing the discharge 
lamp lighting device according to the ?fth embodiment is 
composed of: a resonating inductor L1 (primary Winding) 
composing the resonant circuit 3; a pair of secondary Wind 
ings L2 and L2 magnetically coupled to the resonating induc 
tor L1 and connected to the respective ?laments (not shoWn) 
of the discharge lamps La; and impedance circuits Z and Z 
individually inserted betWeen the secondary Windings L2 and 
L2 and the ?laments. 
[0075] FIG. 10 shoWs connection relationships betWeen the 
impedance circuits Z and Z and the ?laments by reference 
symbols A and B. Each of these impedance circuits Z and Z is 
composed of, for example, an LC series resonant circuit hav 
ing a resonant frequency substantially equal to the preheating 






